Evidence to support an irnmunostimulafion theory of tumor growth has recently been reviewed by Prehn (1, 2) . Basically the immunostimulation theory proposes that both humoral and cellular immune responses can, under certain conditions, facilitate tumor growth by direct effect upon the tumor cells. Enhancement of tumor cell growth, on the other hand, is thought to be due to an enhancing antibody which acts by blocking cell-mediated immunity and thus indirectly facilitates tumor cell growth (3). The immunity effect proposed by Prehn is a biphasic one; that is, mild immune response to tumor cells accelerates tumor cell growth, whereas a strong immune response is cytotoxic (1, 2, 4).
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There is a large body of literature on the ability of the lymphocyte to undergo blast transformation with a concomitant increase in DNA synthesis upon exposure to plant lectins, bacterial mitogens, and antilymphocyte antibody. Sell and Gell have shown that there is blast transformation and stimulation of protein, RNA, and DNA synthesis when rabbit lymphocytes are exposed to antibody directed to their allotypic surface imlimnoglobulins (5-7). Apart from experiments designed to demonstrate complement-mediated cytotoxicity, there have been relatively few reports of the effect of antibodies on the growth of nonlymphocytic cells in vitro. Adverse effects of antibodies on cell metabolism and growth have been observed even in the absence of complement, as exemplified in a recent study in a mouse leukemic cell (8) . HeLa cells, a human cell line, were agglutinated by antisera prepared in heterologous species, but there was no effect upon tritiated thymidine and uridine uptake as judged by autoradiographic studies after relatively short time intervals (9) . Another group demonstrated a two-fold increase in the phospholipid content of HeLa cells exposed to anti-HeLa antibodies and complement 8-24 h previously, but this was felt to be COs with continuous agitation (180 cycles/min), maintaining the tubes at a 45 ° angle. The reaction was stopped by the addition of 8 ml of NM and the TNP-cells were washed three times with NM. All centrifugations were made at 400 g for 2 min. HeLa and HEp-2 cells treated in this fashion were shown to contain 3.5 and 6.0 X 109 TNP molecules per cell, respectively (17) . Control cells were handled in an identical fashion with the omission of TNP-SOaH.
Treatment of Cells with Antibody.--Control cells and TNP-cells were washed three times in 0.15 M NaC1, 0.01 M phosphate, pH 7.4 (PBS) or NM with 10% heat-inactivated FCS (hNM); they were resuspended in 1 ml of either of these media at a cell density of 0.5 to 2 X 106 cells/ml. Small volumes (10-50 #1) of antibody-enzyme conjugate or purified anti-TNP antibody were added to bring the final antibody concentration to 0.01-150 #g/ml. In some conditions e-DNP-lysine (10 -4 M final concentration) was added before the addition of antibody. In most experiments the cells were preineubated with antibody, antibody-enzyme conjugate, or control IgG for 30 rain at 37°C. Unbound antibody-enzyme conjugate or purified anti-TNP antibody was then removed by centrifugation and by washing the cells three times with hNM. The antibody-treated cells were incubated in hNM in 12 X 75 mm tissue culture tubes for periods of up to 4 days at initial cell densities of 0.25-3 X 105 cells/ml. Some tubes contained lactoperoxidase (Sigma Chemical Co., St. Louis, Mo.) at a final concentration of 50 #g/ml and sodium iodide at 2 X 10-s M. Nucleoside uptake by cells was measured with
Radioactivity Measurements.--[125I]UdR (Amersham, Searle, Arlington Heights, Ill., original sp act 200-2000 mCi/mmol) was added at various times after the initiation of the culture. In some experiments a small volume of [12sI]UdR-containing medium was added directly to the cell cultures. In other experiments the cells were centrifuged, the old medium aspirated, and fresh medium containing [125I]UdR added to the cell pellets. The range of final radioactivity concentration was 0.025-1.0 #Ci/ml. The period of incubation with [125I]UdR was 24 h. Retained radioactivity was determined by washing the cells twice with NM (centrifugation 1000 g for 5 rain) followed by measurement of gamma emission in a well type scintillation counter. Recounts of retained radioactivity were made in some experiments after two extractions with 6% trichloroacetic acid (TCA).
[3H]TdR was obtained from New England Nuclear (Boston, Mass.) at an original sp act of 6.7 Ci/mmol; it was aded to the culture tubes in an identical fashion to the [125I]UdR using a final radioactivity level of 0.5 #Ci/ml. At the end of the 24-h period the contents of the tubes were rinsed onto a cell harvesting manifold, washed twice with cold 6% TCA, dried on the filter paper, digested with tissue solubilizer (NCS, Amersham, Searle Corp., Arlington Heights, Ill.), dissolved in toluene scintillator, and counted by liquid scintillation.
RESULTS

Consistent stimulation of incorporation of [I~sI]
UdR into TNP cells treated with the antibody-glucose oxidase conjugate alone was noted. Representative data obtained with TNP-substitured HEp-2 cells are presented in Table I . As described in detail elsewhere (15) the combination of lactoperoxidase (50/zg/ml), iodide (2 X 10 -5 M), and antibody-enzyme conjugate was cytotoxic as seen by the reduction of CPM of ~5I incorporated and by the reduction of cell counts in microwells. Despite the stimulation of [125I]UdR uptake by the antibody conjugate, there was no increase in cell counts in microwells. However, the incubation conditions differed in that the microwell experiments were terminated after 24 h, whereas the nucleoside uptake experiments were continued for 48 h. In- Stimulation ratio (experimental/control) 0.93 (e > 0.5) 0.18 (P < 0.001) * TNP cells were incubated in PBS with and without anti-TNP-glucose oxidase conjugate for 30 rain, washed once with PBS, three times with hNM, incubated for 24 h in hN1V[ with and without lactoperoxidase and iodide in 12 X 75 mm tubes at a cell density of 100,000/ml; they were then centrifuged at 400 g for 3 min, and cultured in hNM containing [t25I]UdR 0.6 #Ci/ml for an additional 24 h. The cells were harvested by centrifugafion, washed twice in hNM, and counted. 20 #1 aliquots of the cultures of conditions 1-3 were cultured in microwells for 24 h, fixed in calcium-formalin, stained with Giemsa, and counted in a microscope using a standard grid.
Expressed as mean of triplicate determinations -4-standard error of mean (SEM). § Expressed as mean of six determinations -4-SEM. cubation of microwell test plates for longer than 24 h caused drying of the plates and inaccurate cell counts.
That the coupling of glucose oxidase to the purified anti-TNP antibody did not, in some nonspecific fashion, cause enhanced nucleoside uptake can be seen in Fig. 1 . Purified anti-TNP antibody itself stimulated the incorporation of radioactive nucleoside. The effect of the antibody appeared to be dose-relatedin this experiment althougha full range of antibody concentrations was not covered.
The stimulation of [12sI]UdR uptake by antibody exhibited a characteristic time dependency (Fig. 2) . In TNP-cells the ratio of [12sI]UdR uptake in antibody-treated to nonantibody-treated cells was maximal 24-72 h after exposure to antibody. The same time course of stimulation was observed regardless of whether the cells were exposed briefly to anti-TNP antibody for 30 min and then washed or whether the cells were cultured in the presence of anti-TNP antibody. h period declines as the age of the cultures increases, the difference between control and antibody-treated cells is still highly significant statistically, e.g., P < 0.001 for differences between a and c, d in Fig. 2 B. This experiment also shows that anti-TNP antibody stimulates nucleoside uptake in TNP-HeLa cells as well as TNP-HEp-2 cells. The data for day 2 in 2 A do not show an unequivocal stimulation pattern; however, by day 3 the differences between control and antibody-treated cells had become meaningful (see legend to Fig. 2 A) . Evidence is presented below for stimulation of [125I]UdR uptake in a third cell line, mouse L cells (Table III) .
The duration of trypsinization influenced the ability of TNP-cells to be stimulated by anti-TNP antibody (Table II) . Cells merely scraped off mono- 1.00 (P > 0.9) 4-1856 -4-3637 * Cells were treated as described in Table I with the following exceptions: The length of trypsinization was 0, 2, and 5 mln at a trypsin concentration of 0.05% Cells were pulsed with [1 ~ ~I]UdR, 0.027 #Ci/ml, from 48 to 72 h after initial exposure to antibody (30 min).
~t Expressed at mean of triplicate determinations 4-SEM.
layers and those digested with trypsin 0.05 % for 2 min could be stimulated after TNP substitution, but cells digested with 0.05 % trypsin for 5 min or longer were not. Pellets of TNP-cells from 2-min trypsinization preparations were yellow, whereas those from the 5 min or longer preparations were white, thus suggesting that extensive trypsinization removed a protein or glycopeptide component of the cell membrane to which TNP-groups could attach. It is uncertain whether the effect of extensive trypsinization is on the cell surface antigen concentration per se or whether residues critical for stimulation by anti-TNP antibody are being removed. Trypsinization itself caused a large increase in the ability of the cells to incorporate nucleoside, a phenomenon previously recognized (18) . Three lines of evidence that stimulation of radioactive nucleoside uptake in TNP-cells is immunologically mediated are presented in Table III * Cells were treated as described in Table I with the following exceptions: The A group of ceils was not reacted with TNP-sulfonic acid; ,-DNP lysine was added to some cells just prior to exposure to antibody (30 min); normal rabbit gamma globulin was added to some cells at the same protein concentration as purified anti-TNP antibody; ceils were pulsed with [125I]UdR at 0.025 #Ci/ml 48-72 h after exposure to antibody.
Expressed as mean of duplicate determinations 4-SEM.
identical in the cells exposed to antibody for only 30 rain or throughout the time period of culture (72 h). Kinetic studies of [t25I]UdR uptake (Fig. 4) showed that radioactive nucleoside entered antibody-treated TNP-L-cells faster than cells treated with equivalent amounts of normal rabbit gamma globulin. The greater rate of incorporation of nucleoside in the presence of antibody persisted for at least 1 h. Table IV shows that at 60 rain almost all of the radioactivity that had entered the cells during the preceding hour was precipitable with TCA indicating that very little had remained in the soluble nucleoside pool.
DISCUSSION
In the present study anti-TNP antibodies have been shown to alter nucleoside transport in TNP-substituted ceils in tissue culture. Similar responses to antibodies in other cell systems may have been missed because of problems in interpretation created by nonspecific serum effects on cell growth. We chose to use the TNP system for our initial studies because of the availability of a method for obtaining highly purified antibody and a means of sensitizing cells with a chemically defined hapten without interfering with cell viability. The specificity controls available with the TNP system leave no doubt that the stimulation of nucleoside incorporation in TNP-substituted tumor cell lines after exposure to presented and from our inability to detect meaningful and consistent differences of cell numbers or total cellular DNA between experimental and control cells (data not shown). While we took precautions to exclude complement from our system, the possibility exists that complement secreted by the cells themselves damages cell membranes (as a nonlethal effect) in the presence of the TNP-anti-TNP reaction and thus initiates membrane repair with subsequent increased DNA synthesis. It is more probable that a perturbation of cell surfaces (TNPcells) occurs upon combination with anti-TNP antibody, producing a direct stimulation of cell membrane function which causes an intense increase in radio- * Cells were treated as described in Table I . At the end of 48 h of incubation [I~I]UdR was added to experimental and control cells for various time periods. Cells were spun at 1,000 g for 1 min, washed with 1 ml of hNM twice, counted in a gamma counter, washed with 1 ml of 6% TCA twice, and counted again.
active nucleoside uptake and DNA synthesis. A well-established precedent for similar immune stimulation of lymphocytes exists (5-7). In lymphocytes phytolectins also cause a very large increase in cellular incorporation of DNA precursors and DNA synthesis with little or no change in total cell numbers or DNA content (19) . To carry the parallel further the greatest increase in nucleoside transport and DNA synthesis in lectin stimulated cells is between 48 and 72 h (7), corresponding to the period in which anti-TNP antibody stimulation of nucleoside uptake is maximal in TNP cells. Whether the other metaboic changes seen in lectin-stimulated cells are produced by anti-TNP antibody remains to be investigated.
Despite the unique advantages of the TNP system in terms of specificity, in other respects the use of hapten-substituted cells is not ideal. The cellular antigen is diluted as cells enlarge and divide; because of the artificial nature of the cell membrane TNP antigen, it is uncertain whether the information obtained can be extrapolated to immune phenomena involving natural cell antigens. However, we have been able to obtain similar metabolic responses as well as considerable increases in cell number with antibodies to natural cell antigens (20) as will be discussed in detail in a future paper3 antibody, normal rabbit gamma globulin did not stimulate TNP-cells, and a hapten inhibitor, e-DNP-lysine, prevented the stimulation of TNP-cells by anti-TNP antibody. These findings demonstrate that interaction of antibody with cell surface antigen can alter cell membrane transport, and possibly can enhance cell growth.
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